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Antifungal drug susceptibility of Cryptococcus neoformans from clinical
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Summary The serotypes and mating types of 80 clinical isolates of Cryptococcus neoformans from
Kenya were studied and subjected to broth microdilution susceptibility testing to
amphotericin B (AMP), flucytosin, fluconazole (FLC), itraconazole (ITC) and miconazole
(MCZ). The isolates included C. neoformans var. grubii — 75 of 80 (serotype A; 93.7%),
C. neoformans var. neoformans — three of 80 (3.8%) and C. neoformans var. gattii — two
(serotype B; 2.5%). Mating experiment confirmed all the isolates to be a-mating type.
Seventy-eight (97.5%) of the isolates had minimum inhibitory concentration (MIC) of
<0.5 pug ml™! to AMP and at 1 ug ml™!, 100% of the isolates were inhibited. Flucytosin
resistance was observed in 21% with MIC in which 90% of the isolates were inhibited
(MICop) of 64 pug ml™. Only 23.8% of the strains were susceptible to FLC with 65%
susceptible dose-dependent (SDD) and 11.2% resistant. Itraconazole susceptibility was
61.3% while the rest were either SDD or resistant. The MICq for ITC and MCZ were 0.5
and 2 pg ml™! respectively.

The study reports the serotypes, mating types and highlights the existence of azoles
resistance in C. neoformans in Nairobi which calls for antifungal drug resistance
surveillance as prophylactic use of FLC increases because of human immunodeficiency
virus/acquired immunodeficiency syndrome (HIV/AIDS) epidemic in sub-Saharan
Africa.
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the incidence of meningoencephalitis has increased

Introduction .
significantly with mortality higher than meningococcal

Human immunodeficiency virus (HIV) epidemic has led
to a growing population of immunocompromised
patients at risk of contracting opportunistic fungal
infections particularly cryptococcosis.! Globally, the risk
for cryptococcal meningitis HIV/acquired immuno-
deficiency syndrome (AIDS) is estimated at 6-8% in
adults and 1% in children.?? In sub-Saharan Africa
which has the highest burden of HIV/AIDS worldwide,
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meningitis caused by Neisseria meningitidis.*>
Cryptococcus neoformans consist of serotypes, A, B, C,
D and AD classified into three varieties: C. neoformans
var. neoformans (serotype D), C. neoformans var. grubii
(serotype A) both of the teleomorph Filobasidiella
neoformans var. neoformans and C. neoformans var. gattii
(serotypes B and C) of the teleomorph F. neoformans var.
bacillisporus.®” The prevalence and geographical distri-
bution of the two varieties vary. Generally, C. neofor-
mans var. neoformans is the most prevalent with
worldwide distribution while C. neoformans var. gattii
is limited to tropics and subtropical regions coinciding
with the distribution of the host trees Eucalyptus
camaldulensis and E. tereticornis.® Distinct genotype
clusters among isolates of African, America and Europe
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origin may exist>'' but whether this is clinically
relevant in terms of drug susceptibility and virulence-
related factors remain unclear.

Despite the World Health Organization (WHO)
initiatives on antimicrobial resistance surveillance,
antifungal drug resistance surveillance in sub-Saharan
Africa remains somewhat ignored. While improvement
in susceptibility to antifungal drugs was recently
reported in Europe and the USA,'? the need for life-
long fluconazole (FLC) maintenance therapy due to
high relapse rates of cryptococcosis in HIV/AIDS raises
concerns over antifungal resistance in developing
countries.’>* As FLC becomes widely used due to
expanding population of HIV/AIDS confounded by
irrational use of antibiotics, and generic antibiotics in
developing countries, emergence azole resistance can-
not be inevitably ignored as a mycological chal-
lenge.!®> The study was undertaken to characterise
C. neoformans serotypes and antifungal drug suscepti-
bilities essential for a mounting appropriate clinical
management for cryptococcal infection in HIV/AIDS in
Kenya.

Materials and methods

Cryptococcus strains

Eighty C. neoformans isolates from cerebral spinal fluids
(CSF) specimens of adult patients hospitalised with
cryptococcal meningitis from two referral hospitals in
Nairobi, Kenya were used in the study. The specimens
were collected from individual patients before therapy
was initiated. Between January 2003 and January
2004 72 strains from HIV-positive patients and eight
from patients with unknown HIV status were isolated at
Mycology Laboratory, Kenya Medical Research Insti-
tute. Primary isolation was underwent on Sabourauds
dextrose agar incubated at 30 °C for 72 h and prelim-
inary identification was performed by demonstration of
capsule on Indian ink.

Biochemical and immunological characterisation

All the isolates were subcultured on CHROMagar
Candida (CHROMagar, Paris, France) to rule out con-
tamination and to ensure purity of the isolates by its
ability to discriminate Candida spp. Confirmation of
C. neoformans was carried out by Vitek Yeast Biochemi-
cal Cards (bioMerieux-Vitek, Hazelwood, MO, USA).
Serotypes were determined by slide agglutination test
using Crypto Check agglutination kit (Iatron Labs Inc.,
Tokyo, Japan).
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Mating experiment

The mating types (MAT) were determined as described
previously.” Authentic strains: C. neoformans TLD-350
serotype A, MATa, C. neofomans TLD-261 serotype D,
MATa, C. neoformans TLD-262 serotype D, MATa,
C. neoformans TLD-263 serotype B, MATa and
C. neoformans TLD-264 serotype C, MATa were used.
Briefly, individual isolates were co-cultured with the
tester strain in an agar medium containing KH>PO,,
MgS0,, CaCl,, NaCl, biotin, sucrose and yeast extract
and incubated at 30 °C for 20 days. Mating was
considered successful when mycelia with characteristic
clamp connection were observed.

Antifungal drug susceptibility

Cryptococcus isolates were subjected to broth microdi-
lution susceptibility test using commercial Frozen Plate
Kit (Eiken Chemical Co., Ltd, Tokyo, Japan).!® The Kit
contains the following drug dilution ranges: ampho-
tericin B (AMP) 0.03-16 pug ml™', flucytosin (5FC)
0.125-64 pg ml™', FLC 0.125-64 pg ml™!, itraconaz-
ole (ITC) 0.015-8 pg ml™, miconazole (MCZ) 0.06—
32 ng ml™! and micafungin (MCFG) 0.03-16 ng ml™".
The Kit has been evaluated in a multicentre study with
over 90% agreement with CLSL.'7'® The procedures
and minimum inhibitory concentrations (MIC) were
carried out and interpreted according to the manufac-
turer’s instructions. The MIC for azoles and 5FC were
scored as the lowest drug concentration that resulted
in 80% growth inhibition (ICgp) while 100% reduction
of turbidity was considered MIC for AMP. Quality
control was performed using Candida krusei ATCC
6258 and C. parapsilosis ATCC 22019 and results
excepted only if the MIC were within the recommended
range.

The study protocol was approved by the Kenya
Medical Research Institute ethical and scientific steering
committee (SSC) before implementation and was
assigned SSC number 766. The procedures conformed
to all the scientific and ethical standards during its
implementation.

Results

Identification and typing

Seventy-five of 80 (93.7%) isolates were identified as
C. neoformans var. grubii (serotype A). Only three
isolates were identified as C. neoformans var. neoformans
(two serotype AD and one serotype D) while two
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isolates were identified as C. neoformans var. gattii
(serotype B); however, all the isolates were identified as
MATaq.

Drug susceptibility

All the isolates were susceptible to AMP with MICqq of
0.5 pgml™" and only two isolates with MIC of
1pg ml™! (Table 1). All except one isolate had MIC
beyond susceptible level (MIC <4 pg ml™) to 5FC
while 77.6% of the isolates had MIC ranging from 8
to 32 pg ml™!. Resistance (MIC = 64 pg ml™Y) to 5FC
was 21.2%. The MICyy for 5FC and FLC was
64 pg ml™' each. Nine of 80 (11.2%) isolates were
resistant (MIC =64 pg ml™Y) to FLC while 52 of 80
(65.0%) were categorised as susceptible dose-depend-
ent (SDD; MIC 16-32 pg ml™"). Among the azoles
tested, ITC had the lowest MICqq similar (0.5 pg ml™)
to that of AMP; however, there were three isolates
with MIC =8 pg ml™! to ITC. Only seven of 80 (8.8%)
of the isolates were fully susceptible (MIC
<0.125 pg ml™") to MCZ 62 of 80 (77.5%) were
SDD (MIC 0.25-1 pgml™!) and 11 of 80 (13.7%)
were resistant (MIC >1 pg ml™). The MICoq for MCZ
was 2 ug ml™!. The only isolate identified as serotype
D exhibited MIC beyond susceptible range to all except
AMP with MICs (pg ml™") as follows: AMP 0.5, 5FC
>64, FLC >64, ITC >8 and MCZ 8. All the isolates
tested were resistant (MIC 216 pg ml™) to MCFG
(data not shown).

Antifungal Drug Susceptibility of C. neoformans

Discussion

Cryptococcus neoformans var. grubii (serotype A) MATo
was the predominant isolate with evidence of azole
resistance. This is in consistent with other reports of the
worldwide distribution of this serotype and its predilec-
tion for HIV/AIDS.! Two isolates of serotype AD and one
serotype D were identified indicating the infrequent
cause of these serotypes in cryptococcoses in accord
with reports that African patients are rarely infected
with C. neoformans var. neoformans serotype D.'° Two
strains of C. neoformans var. gattii (serotype B) were
identified, although this serotype rarely infects HIV/
AIDS patients, the two strains were recovered from
patients whose HIV status was unavailable. Cryptococcus
neoformans var. gattii is predominant in tropical and
subtropical areas coinciding with the distribution of the
host tree, the Eucalyptus species.®° These trees are now
widely grown in Kenya for its timber products and that
could have an influence on the presence of this serotype
in Kenya. Nonetheless, the study confirms the existence
of C. neoformans var. gattii (serotype B) in Kenya and it
would be important to ascertain its clinical significance.

Despite evidence of sexual recombination among
C. neoformans in sub-Saharan Africa,?! all the strains
were identified as MATa-type, which further supports
the hypothesised predominance of MATa over MATa in
both clinical and natural environment.?? The preval-
ence and virulence of C. neoformans has been linked to
mating types. Pathogenic strains are largely asexual®’

Table 1 Antifungal drug susceptibility of Cryptococcus neoformans isolates from Kenya

Number of susceptible isolates (%)

Antifungal drug

concentration (ug mi™") Amphotericin B Flucytosin Fluconazole Itraconazole Miconazole
0.06 0 (0) 0 (0) 0 (0) 29 (36.3) 5(6.2)
0.125 10 (12.5) 0(0) 0(0) 20 (25.0) 2 (2.5)
0.25 27 (33.8) 0(0) 0(0) 19 (23.8) 15 (18.8)
0.5 41 (51.2) 1(1.2) 0 (0) 7 (8.8) 35 (43.8)
1 2(2.5) 0(0) 1(1.2) 2(2.5) 12 (15.0)
2 0 (0) 0(0) 3(3.8) 0(0) 5(6.2)

4 0 (0) 0(0) 3(3.8) 0(0) 4 (5.0)

8 0 (0) 15 (18.8) 12 (15.0) 3(3.8) 2 (2.5)
16 0(0) 23 (28.8) 46 (57.5) - 0(0)

32 - 24 (30) 6 (7.5) 0 (0)

64 - 17 (21.2) 9(11.2) - -

MICso (%) 0.5 64 16 0.125 0.5

MICgg (%) 0.5 64 64 0.5 2

MIC of Candida parapsilosis ATCC 22019 0.25 0.5 0.5 0.25 2

MIC of Candida krusei ATCC 6258 1 16 32 0.25 2

MICyq: concentration at which 90% of the isolates were inhibited.

Horizontal line show beyond dilution range tested.
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and unlike MATa, the MATa strains posses a 55 kb gene
locus responsible for virulence.’* Although MATa
strains have been reported in Tanzania,?* it was not
detected in our study.

All the isolates were susceptible to AMP (MICqq
0.5 pug ml™') in accord with other reports that the MIC
to AMP has remained unchanged over time with no
evidence of resistance.'? Although the MICo, was lower
than that reported for Malawi (0.5 pg ml™ s
2 ug ml™), it further complement reports of isolated
strains from African with elevated MIC to AMP?°2® and
calls for continued surveillance.

Resistance to 5FC was unusually high (21.2%) with
majority (77.6%) of the isolates having MIC between 8
and 32 pg ml™' in contrast with previous reports of
high susceptibility and no instances in which increased
MIC to 5FC has been reported.'? Despites, reports that
antifungal susceptibility has improved worldwide, pock-
ets of resistance cannot be ruled out as an exhaustive
surveillance has not been conducted in areas where
resistance has previously been reported. Moreover, there
are emerging reports that the epidemiology and drug
susceptibility of C. neoformans strains from some African
countries are different which are possible pockets of
resistance. 2728 Although the frequency of 5FC and
azole resistance was unusually high, due to lack of
proper follow up and ethical reasons we could not link
up susceptibility and clinical data to ascertain whether
patients infected with these resistant strains had poor
prognosis. We hope this will address in our newly
proposed study which will also collect more of such
isolates to be tested using CLSI broth microdilution
technique.

Fluconazole resistance was detected at a frequency of
11.2% while the MICqyq of ITC and MCZ were 0.5 and
2 ug ml™" respectively. In Spain, reduced susceptibility
to FLC and 5FC has been reported with resistance of
5.3% and 15.8% to AMP and ITC while decreased
susceptibility to azoles associated with fungal burden
and immunosuppression has been reported.>?>° Similar
pattern have been reported in Cambodia and other
developing countries and is associated with FLC main-
tenance therapy in AIDS.''332 While an overall shift
towards susceptibility to FLC and SFC attributed to
decrease incidence of cryptococcosis and effective anti-
retroviral programmes in the USA and Europe may be
true, this is unlikely in developing countries particularly
sub-Saharan Africa where the prevalence of HIV/AIDS
and crytococcal meningitis continue to increase. Sus-
ceptibility to FLC has been shown to improve in AIDS
patients on highly active antiretroviral therapy (HA-
ART),*? while this may be the case in USA and Europe,
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unfortunately <1% of AIDS patients in sub-Saharan
African are on HAART.

The reasons for the low susceptibility to FLC were not
apparently clear in our study but it is notable that the
isolates were recovered from AIDS patients from an
urban referral hospital. Being a referral hospital major-
ity of the patients were likely to have been previously
exposed to FLC or were relapse cases this; however,
could not be confirmed in our study. Reduced suscep-
tibility to FLC has been noted in AIDS and in patients
with recurrent meningitis. Furthermore, it has been
demonstrated that serial isolates of C. neoformans from
AIDS patients have altered virulence-related factors and
drug susceptibilities.!*!> However, we further speculate
that poor prescription practices and under dosages may
be confounding factors. Although earlier studies show
improved antifungal susceptibility it does not indicate
whether the strains included those from Kenya or sub-
Saharan African with the highest burden of HIV/AIDS.
Improved susceptibility in developed countries is poss-
ible due to accessibility and affordability of other
effective triazoles, declining rates of HIV/AIDS and
cryptococcoses, effective HAART programmes and good
prescription practices which is not the case in
sub-Saharan Africa. The hidden dangers of FLC main-
tenance therapy in HIV/AIDS in poor resource coun-
tries in sub-Saharan Africa cannot still be under
estimated.

Clinical response to fluconzole is likely only when
the MIC is <16 pg ml™"** and FLC resistance rate of
11.2% for a developing country like Kenya is intrigu-
ing and may be a reflection of poor prognosis
currently witnessed in patients with meningoencepha-
litis in Kenya. As FLC becomes increasingly used due
to the need for life-long maintenance therapy in HIV/
AIDS patients, we recommend measures to control
irrational use of antifungal drugs and establishment of
constant antifungal drug resistant surveillance in sub-
Saharan Africa where emerging resistance is more
likely.
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